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s equally contribuAbstract A comparison of the volatile compounds in Rhizomes Curcumae (Ezhu) and Radix
Curcumae (Yujin) was undertaken using gas chromatography–mass spectrometry (GC–MS).
Ultrasonic extraction and GC–MS methods were developed for the simultaneous determination
of ﬁve sesquiterpenes, namely, a-pinene, b-elemene, curcumol, germacrone and curdione, in Ezhu
and Yunjin. Good linearity (r40.999) and high inter-day precision were observed over the
investigated concentration ranges. The validated method was successfully used for the simultaneous
determination of ﬁve sesquiterpenes in Ezhu and Yujin. The quantitative method can be effectively
used to evaluate and monitor the quality of Chinese curcuma in clinical use.
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ted to this work.1. Introduction
Traditional Chinese medicines (TCMs) are invaluable drug
resources due to their high pharmacological activities, low
toxicity and rare complications. TCMs have been used in the
clinical therapy of many diseases for thousands of years [1].
Rhizomes Curcumae and Radix Curcumae belong to the
Zingiberaceae family. The rhizomes of three species of Cur-
cuma, namely, Curcuma phaeocaulis Val., Curcuma kwang-
siensis S.G. Lee et C.F. Liang and Curcuma wenyujin Y.H.
Chen et C. Ling, are used as a remedy, Ezhu, to alleviate blood
stasis and pain [2]. The radix of three species of Curcuma,
namely, C. wenyujin Y.H. Chen et C. Ling, Curcuma longa L.
and C. kwangsiensis S.G. Lee et C.F. Ling or C. phaeocaulis
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reduce stasis and inhibit inﬂammation [2]. Ezhu and Yujin are
commonly used as TCMs in China because of their different
medicinal properties. These differences are likely to be asso-
ciated with their qualitative and quantitative constituents. The
main bioactive constituents of Ezhu and Yujin consist of
essential oils and curcumin. Until now, many reports on Ezhu
and Yujin have focused on the role of curcumin [3–5]. While
the essential oils contained remain poorly studied, they are
known to have strong pharmacological bioactivities, such as
anti-tumor [6] and anti-viral activities [7], and b-elemene,
curcumol, germacrone and curdione are thought to be the
principal biologically active ingredients.
To evaluate the quality of Curcumae based TCMs, gas
chromatography–ﬂame ionization detection (GC–FID) [8–10],
gas chromatography–mass spectrometry (GC–MS) [11–13]
and high-performance liquid chromatography (HPLC) [14–16]
have been used to quantify the sesquiterpenes contained in Ezhu
and Yujin. However, all previous studies have focused on the
identiﬁcation of components and the determination of their
relative amounts without the use of standards. Therefore, the
results are not appropriate for the purpose of quality control.
GC–MS offers a powerful tool for the identiﬁcation and
quantiﬁcation of chemical components in essential oils.
Some conventional extraction methods such as hydrodistil-
lation, steam distillation (SD), reﬂux extraction and Soxhlet
extraction have been developed for extracting the quality
control markers such as curdione, curcumol and germacrone in
TCMs [17–18]. However, problems of low extraction efﬁciency,
lengthy protocols and toxic solvent residues in the extract may be
encountered using these methods. These shortcomings have led
to the development of new techniques such as ultrasonic
extraction (UE) in essential oil extraction, which typically use
less solvent and time. In the present study, GC–MS and UE were
developed for the simultaneous determination of ﬁve volatile
compounds, namely, a-pinene, b-elemene, curcumol, germacrone
and curdione, in Ezhu and Yujin.
To the best of our knowledge, this is the ﬁrst example of a
systematic and comparative study on the volatile oils in Ezhu
and Yujin. The analysis of essential oils can help to provide a
scientiﬁc basis for appropriate use of Ezhu and Yujin. The
simple method demonstrated should be of signiﬁcant use in
controlling the quality of these medicines.Table 1 Regression equations, correlation coefﬁcients
(R2) and linear range for a-pinene, b-elemene, curcumol,
germacrone and curdione.
Reference
substances
Regression equation R2 Linear range
(lg/mL)
a-pinene y¼0.3387xþ0.0036 0.9976 0.0113–0.5631
b-elemene y¼0.0636x0.0104 0.9996 0.2501–12.5061
Curcumol y¼0.0285x0.0148 0.9988 0.5155–25.7339
Germacrone y¼0.1138x0.0932 0.9993 3.3326–166.6294
Curdione y¼0.1161x0.073 0.9993 1.9348–96.73982. Experimental
2.1. Reagents and materials
Ezhu and Yujin were separately purchased from Sichuan Pro-
vince, Guangdong Province and Chinese medicine stores (Leiyun-
shang), and were authenticated. The samples were ground to a
ﬁne power in a high-speed rotary cutting mill and sieve (40 mesh)
and stored in a zip lock bag until analysis. n-Hexane (analytical
grade) and n-tridecane (purity499%), used as an internal
standard, were purchased from Sinopharm Chemical Reagent
Co., Ltd. (Shanghai, China). a-pinene, b-elemene and curcumol
(purity499%) were from the National Institute for the Control
of Pharmaceutical and Biological Products (Shanghai, China),
and germacrone and curdione (purity499%) were obtained from
Ding Rui Chemical Co., Ltd. (Shanghai, China). Pure water was
purchased from Wahaha Co., Ltd. (Shanghai, China).2.2. Optimization of ultrasound extraction parameters
Ultrasound extraction (CQF-I-6, Shanghai, China) was per-
formed by using equipment constructed in our laboratory.
Sample powder (1 g) and n-hexane (10 mL), which was used as
extraction solvent, were placed in a 10 mL ﬂask, and ultra-
sound (200 V, 50 Hz) was applied for 30 min. Then the extract
was centrifuged (TGL-16; Anting, Shanghai, China) for 5 min
at 5000 rpm and 1 mL of the supernatant (analytical sample)
was injected into the GC–MS for analysis.
2.3. GC–MS analysis
GC–MS was performed with a Thermo Trace GC Ultra
instrument coupled to a Thermo DSQ II mass spectrometer
with Xcalibur software (Thermo Fisher Scientiﬁc, USA).
Compounds were separated on a 30 m 0.25 mm 0.25 mm
HP-5 MS capillary column. Helium was used as carrier gas at
a ﬂow rate of 1 mL/min. The temperature of the split injector
was 250 1C and the split ratio was 1:10. The injection volume
was 1 mL. The column temperature was set at 50 1C and then
programmed at 20 1C/min to 150 1C, followed by 2 1C/min to
180 1C, then at 20 1C/min to 200 1C, and this temperature was
then maintained for 3 min. The GC–MS interface and ion
source temperatures were 260 and 200 1C, respectively. The
selected ion monitoring (SIM) method was used for quantiﬁca-
tion of ﬁve sesquiterpenes. Fragment ions were used for quanti-
ﬁcation; m/z 93 for a-pinene, m/z 81 for b-elemene and the
internal standard, m/z 105 for curcumol, m/z 107 for germacrone
and m/z 180 for curdione. The electron energy was 70 eV.
2.4. Preparation of solutions
n-hexane stock solutions containing the ﬁve analytes were pre-
pared and diluted to appropriate concentrations for the construc-
tion of calibration curves. Six concentrations of each of the ﬁve
analytes were injected in triplicate. Linearity test solutions were
prepared at ﬁve concentration levels from the limit of quantitation
(LOQ) to 150% of the working level. The correlation coefﬁcient,
regressive equation and linear range are listed in Table 1.
2.5. Method validation
Method validation was designed according to the Pharmacopoeia
of the People’s Republic of China [2]. The limit of detection
(LOD) and LOQ for a-pinene, b-elemene, curcumol, germacrone
and curdione were estimated at a signal-to-noise ratio of 3:1 and
10:1, respectively, by injecting a series of dilute solutions with
known concentration. A precision study was also carried out by
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evaluated at the working level. The percentage recovery was
calculated. Precision was checked by injecting six standard
solutions (n¼6). The RSDs of their areas were less than 2%.3. Results and discussion
3.1. Selection of extraction conditions
For UE, the effects of the experiment conditions on the
extraction and enrichment efﬁciency for the ﬁve components
were evaluated. n-hexane, diethyl ether and ethanol were
tested, and ﬁnally n-hexane was adopted because of its high
extraction efﬁciency and limited interference. The effects of the
extraction time on the yields of the volatile compounds
recovered were studied from 10 to 60 min with other condi-
tions ﬁxed. Finally, an extraction time of 30 min was chosen
for further study due to its high extraction efﬁciency.
3.2. Validation of the method
3.2.1. Linearity
The calibration graphs obtained by plotting concentration against
the average peak area (each sample injected in duplicate) wereFigure 1 GC–MS total ion chromatograms. (A) Mixture of standard
Ezhu from Guangxi Province.linear over the range. The regression equations and correlation
coefﬁcients (R2) for the compounds are listed in Table 1.
3.2.2. Repeatability
The repeatability of a-pinene, b-elemene, curcumol, germa-
crone and curdione was calculated based on ﬁve runs. The
peak areas of selected ions were relatively stable. The RSD
was 1.86%, 1.05%, 2.21%, 1.48% and 1.46%, respectively.
3.2.3. Stability
The stability of a-pinene, b-elemene, curcumol, germacrone and
curdione was also determined by injecting a freshly prepared
standard solution 0, 2, 4, 6, 10 and 12 h after preparation,
respectively. The RSD was 3.00%, 3.92%, 1.55%, 2.62% and
3.46%, respectively. Thus, the quantitation of sesquiterpenes such
as a-pinene, b-elemene, curcumol, germacrone and curdione in
Ezhu and Yujin could be reliably performed within 12 h of
sample extraction.
3.2.4. Sensitivity
The LOQ of this method, deﬁned as the lowest concentration of
compound in a sample that can be quantitatively determined with
suitable precision and accuracy, was 0.0452, 1.0004, 0.205, 51.3
and 29.8 mg/mL, respectively.s, a-pinene, b-elemene, curcumol, germacrone and curdione. (B)
Table 2 Contents (mg/g) of ﬁve sesquiterpenes in a
variety of species of Ezhu and Yujin.
Samples
no.
Content(lg/g)
a-pinene b-elemene Curcumol Germacrone Curdione
1 0.28 1.82 5.68 12.08 28.72
2 0.62 4.08 7.28 15.45 4.56
3 0.03 1.56 40.79 10.55 13.25
4 0.33 5.60 57.02 18.99 –
5 0.20 2.17 15.26 14.93 185.18
6 0.60 1.99 16.13 5.72 38.63
7 0.05 6.15 43.17 30.81 –
8 0.07 8.88 33.70 21.56 –
9 0.01 1.23 24.61 7.42 11.89
10 0.27 2.26 10.16 17.13 255.12
11 0.09 1.11 6.35 6.56 5.68
12 0.02 0.48 0.97 – 7.74
13 0.01 0.53 0.83 – 4.27
14 0.03 0.50 0.97 – 3.51
15 0.07 0.71 1.17 – 2.20
16 0.45 9.68 12.14 48.27 33.90
Numbers 1–2 are Ezhu from Yunan Province, 3–8 from
Sichuan Province, 10 from Guangxi Province and 11–12 are
Ezhu purchased from Leiyunshang (Shanghai, China). Num-
bers 13–15 are Yujin from Sichuan Province and 16 is Yujin
purchased from Leiyunshang (Shanghai, China).
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heights were three times the baseline noise (S/N¼3:1) was
0.0807, 3.9698, 0.8182, 52.90 and 30.71 mg/mL, respectively.
3.2.5. Accuracy and reproducibility
To validate the method, mixed solutions of known amounts of
the standards were added into the sample. The recovery of the
ﬁve tested compounds was between 95.39% and 103.09% with
an RSD in the range of 1.97—4.60% (n¼6). All the main
compounds were well resolved, and the results are shown in
Fig. 1. As it may not be possible to identify peaks without the
standards when using GC alone, GC–MS was used to allow
peak identiﬁcation. The contents of ﬁve identiﬁed sesquiter-
penes in Ezhu and Yujin were determined using this method
(Table 2). The results showed that the contents of the ﬁve
identiﬁed compounds varied greatly in different species and
regions.
3.3. Comparison of volatile components between Ezhu and
Yujin
As shown in Table 2, although most of the compounds present
in the essential oils of Ezhu and Yujin were the same, their
contents varied signiﬁcantly. The difference in content is likely
to be at least partly responsible for the different pharmacolo-
gical effects of Ezhu and Yujin, in particular the main
bioactive compounds such as b-elemene and curcumol.
Indeed, the relative amounts of bioactive compounds often
play an important role in the biological effects used to cure
disease with TCMs. Some components were found to be more
abundant in Ezhu than Yujin. For example, b-elemene and
curdione were both found in Ezhu and Yujin, but their
contents in Yujin were less while the content of germacronein Yujin was more than that in Ezhu. For Ezhu and Yujin
from different areas, the contents of various components also
varied. For example, the contents of curcumol and curdione in
Ezhu from Sichuan Province were the highest while germa-
crone content in Yujin from Sichuan Province was the lowest.
To our knowledge, this is the ﬁrst in-depth and comparative
investigation of the essential oils in the two important
medicines. The signiﬁcant differences in the constituents of
the essential oils from Ezhu and Yujin provide compelling
evidence that Ezhu and Yujin must be treated as two different
TCMs with very different properties.4. Conclusion
In this paper, the essential oils in Ezhu and Yujin were
analyzed using GC–MS, allowing their quantitative character-
istics to be compared. The comparative results of the essential
oils in Ezhu and Yujin provide valuable information to aid
appropriate use of these TCMs. Comparison of the chemical
components of Ezhu and Yujin is helpful in allowing elucida-
tion of the mechanism of their therapeutic effects. Moreover,
the results showed that GC–MS offers a simple and highly
sensitive way to evaluate the quality of Ezhu and Yujin, which
should be of signiﬁcant value to industrial and regulatory
bodies.Acknowledgments
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